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Abstract

A numerical study of a two-dimensional acoustic 
field is carried out for a spinning vortex pair located 
near a wall to investigate the effect of the wall from 
the spinning quadnipole source in unsteady vorti
cal flows.. Based on the unsteady hydrodynamic 
information from the known incompressible flow 
field, the perturbed compressible ac이istic terms de
rived from the Euler equations are calculated. Non
reflecting boundary conditions on the free field and 
the solid boundary conditions are developed for a 
generalized curvilinear coordinates system to inves
tigate the effect of a curved wall. It is concluded 
that the sound generated by the quadrupole sources 
of unsteady vortical flows in the presence of a flat 
wall or a circular cylinder can be calculated by using 
the source terms of hydrodynamic flow fluctuations 
in both near and far acoustic fields simultaneously.

1. Introduction

The motions of vorticity are considered to be di
rectly related to the source of sound generated by 
vortical flows. These phenomena have been studied 
both theoretically1-5 and numerically6-7 by many 
researchers.

In accordance with the developments in compu
tational fluid dynamics, computational aeroacous
tics (CAA) provides a useful tool for analyzing 
the mechanism of aeroacoustic sound generation 
and propagation. There are several approaches in 
CAA to calc니ate the sound field. Direct simula
tion of Navier-Stokes equations is the most desir
able method, but it requires a higher order numeri
cal scheme. Some researchers solved the perturbed 
acoustic equations derived from the Euler equations 
to calculate propagation, scattering, or diffraction 
of incoming waves. However, the perturbed Euler 
equations cannot predict the sound generated by 
inherent unsteadiness of the flow because of the ho
mogeneity of 나le equations.
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Hardin and Pope® proposed a new computational 
aeroacoustics technique, where they split the Eu
ler equations into hydrodynamic terms and per
turbed acoustic terms. The novelty of their ap
proach is found in the introduction of a new variable 
named 'hydrodynamic density fluctuations^, which 
is the basic difference in the formulation of govern
ing equations from others. They applied the tech
nique to the problems of a pulsating and an oscil
lating sphere, which were acting as a monopole or a 
dipole source with sound-generating body surfaces.

In this paper, we are interested in the effect of a 
wall on the acoustic field generated by spinning vor
tices. A generalized curvilinear coordinates system 
is used to simulate the curved wall problem. This 
flow represents the basic model of the acoustic field 
generated by turbulent shear flows from the wall 
boundary layer. In the boundary layer, some co
herent motions exist near the wall. These coherent 
motions affect the unsteady pressure fluctuations 
near the wall. The unsteady pressure fluctuations 
are strongly related to the near fi이d sound, and 
parts of those energies are radiated to the far field 
acoustic energy. We would like to simulate near and 
far acoustic fields simultaneously.

2. Flow Field &nd Numerical Methods

The flow fields are simplified as an unsteady two- 
dimensional spinning vortex pair near the flat wall. 
The flow field can be assumed as a potential flow. 
The effect of the wall is represented by the mir
ror image method. Fig. 1 represents the schematic 
view of the spinning vortex pair on the flat wall 
with its image. The two point vortices, separated 
by a distance of 2ro with circulation r, has a pe
riod T — 그己/「, rotation speed 3 =「/(如寿), 

wave length A — ttoo/uj, and rotating Mach number 
Mr = r/(47rroao). A circular cylinder wall is also 
considered to investigate the curved wall effects.

Fig. 2 represents the schematic view of the spin
ning vortex pair around a circular cylinder with its 
image. It is well-known that the image method of 
the circular cylinder can be represented by the cir- 
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어e theorem. In this study, the center of the vortex 
pair is assumed to be fixed and the vortex pair ro
tates in a circular motion with radius ro in the flow 
field.

to avoid the singularity at the center of the vortex. 
We use the Scully vortex model8. The Scully vortex 
model has smoother velocity distribution than the 
Rankine vortex model.

Fig. 1 Spinning vortex pair on a flat wall and its 
image.

Boundary conditions are very important for 
acoustic problems. We used the non-reflecting 
boundary conditions based on the impedence con
dition on the free field boundary to account for 
the oblique wave on the free boundary. Thomp
son^ technique9 for a generalized coordinates sys
tem is used to obtain the density fluctuation. Mac- 
Cormack's predictor-corrector scheme has gained 
wide use and acceptance for solving time-dependent 
problems in fluid dynamics and is used in the 
present study to integrate both the interior and the 
boundary points.
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Fig. 2 Spinning vortex pair on a circular cylinder
and its image. Fig. 4 Three-dimensional view of acoustic pres

sure for r/aoro = 1,虬= 0.0796, h/r^ — 40 at
In thf numerical analysis for the acoustic fi미d due time t 二 10T. The upper-left side is wall boundary

to spinning vortices, a vortex core model is required (z-direction represents the magnitude of x 200).
-60-

Fig. 3 Plot of the constic pressure contour for 
r/ao^o 1, Mr = 0.0796, h/r()— 40 at time t -- 
10T. The dashed line is negative value (—2.5E—4 < 
U < 2.5/? - 4, 16-steps).



3. Results and discussions sure fluctuation at the wall (point A).

The computational domain has rectangular di
mensions of (L/ro x L/ro) = (200 x 200) and grid 
system of 101 x 101. The spinning vortex is assumed 
to start abruptly at time / — 0. The rigid wall is 
located at y/rQ - 0 as shown in Fig. 1, and the 
acoustic boundary conditions are, rigid wall bound
ary conditions.

Fig. 5 Comparison of the acoustic pressure and 
wall pressure variation at (he field point A, B 
according to time (point A: (x/r0, !//fq) = (0,0), 
point B: (x/rQly/ro) - (100,100)) for「/。。门)-1, 
Mr = 0.0796, h/vQ = 40 at time t — 10T.

ta/r.x10 1

Fig. 3 represents the acoustic pressure contours 
for a case of r/ao^o = 1, A/r ~ 0.0796, h/rQ 二 40. 
In this case, the distance from the wall to the acous
tic source is nearly lA(A/ro = 39.47). The three- 
dimensional graphical view is represented in Fig.
4. FYom the figures, we can observe the interaction 
phenomena between the waves from the spinning 
vortex ptiir and the reflecting waves from the rigid 
flat wall. Three series of the acoustic peaks on the 
left and one series of acoustic peak on the right are 
observed. In Fig. 3, the incident wave angles of 
the left field are greater than those of right field at 
that instant. For this reason, wave interference of 
the left field by the reflection wave becomes more 
severe than that of the right field. These phenom
ena break the symmetric directivity pattern of the 
spinning quadrupole source.

Fig. 5 represents the hydrodynamic pressure fluc
tuation and acoustic pressure variations on the wall 
(point A) and acoustic pressure variation in the 
field (point B) according to the non-dimensional 
time (point A: (x/r0) y/r0) — (0,0), point B: 
(x/ro, V/ro) 그 (100,100)). The hydrodynamic pres
sure fluctuation, is not larger than the acoustic pres-

Fig. 6 Plot of the acoustic pressure contour for 
r/qqtq = 1, Mr — 0.0796, A/fq — 4at time t 二二 10T. 
The dashed line is negative value (-2.5E—4 < pf < 
2.5E — 4, 16-steps).
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Fig. 7 Comparison of the acoustic pressures and 
wall pressure variation at the field point A, B and 
C according to time (point A: (x/ro, y/ro) = (0,0), 
point B: (x/ro, y/ro)=(100)100), and point C: 
(z/roty/ro) = (0,104) which has lOOro above the 
source) for V/ao^o — 1, A/r — 0.0796, h/rQ = 4 at, 
time t — 10T.

Fig. 6 represents the acoustic pressure con
tours for a case of r/a<)ro = 1, Afr = 0.0796, 
h/ro = 4 which we can compare with the re
sult of Fig. 3. The distance from the wall to 
the acoustic source is nearly 0.1入 We can ob
serve different series of ac이istic peaks in left and 
right field. Fig. 7 represents the hydrodynamic 
pressure fluctuation and acoustic pressure varia
tions on the wall (point A) and acoustic pressure 
variation in the field (point B) according to non- 
dimensional time (point A: (x/ro, y/ro) = (0,0), 
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point B: (z/ro, y/ro)=(100,100), and point C: 
(x/ro, y/ro) — (0,104) which has lOOro above the 
source). In this case, the hydrodynamic pressure 
fluctuation has a larger value than acoustic pres
sure fluctuation at the wall (point A). In spite of this 
main difference, the effect of acoustic source separa
tion from the wall does not severely affect acoustic 
pressure fluctuation at the far field, as shown in Fig. 
5 and Fig. 7.

Another numerical study is carried out for the 
circular cylinder wall to investigate the curvature 
effect of the rigid wall. The computational domain 
has an O-type body-fitted gHd system (161 x 101). 
The distance from the origin of the circular cylinder 
to the far boundary is 9a. We calculate the acoustic 
fields for the case of「/a()ro = 0.02, = 0.0796
and h/a 二 2 &t t = 15T. Fig. 8 represents the 
acoustic density contours for the circular cylinder. 
FYom this figure, we can find the directivity pattern 
around the circular cylinder. As we realized, from 
the flat wall, the scattered waves of the left field are 
more s<*vere than those of right field.
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Fig. 8 Acoustic pressure contour around the 
cylinder for Fja心a 二 0.02, Mr — 0.0796, and 
h/a = 2 at time t = 15T. 

due to the wall. From the above reason, a more 
silent zone can exist in the near field region as com
pared with the far field. It will be possible for the 
perturbed Euler equations based on the hydrody
namic density to be predicted more complex acous
tic fields when the flow information is obtained.
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4. Conclusion

A computational aeroacoustic technique, which 
splits Euler equations into hydrodynamic terms and 
perturbed acoustic terms, is applied to the case of 
a spinning vortex pair near a flat or circular curved 
wall. It is found that the sound generated by the un
steady vortical flows in the presence of a body sur
face can be calculated by using the source terms due 
to the hydrodynamic pressure fluctuations. The 
spinning vortex pair in a free field generates a typ
ical quadrupole directivity pattern, whereas for the 
spinning vortex pair near the wall, the acoustic di
rectivity patterns show a scattering ac이】stic field
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